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DISCLAIMER

This document is disseminated under the sponsorship of the Department of Transportation in the interest
of information exchange. The United States Government assumes no responghility for the contents or use
thereof.

The opinions, findings, and conclusions expressed in this publication are those of the authors and not
necessarily those of the Nationd Highway Traffic Safety Administration.

The crash invedtigation process is an inexact science which requires that physical evidence such as skid
marks, vehicular damage measurements, and occupant contact points be coupled with the investigator's
expert knowledge and experience of vehicle dynamics and occupant kinematicsin order to determine the
pre-crash, crash, and post-crash movements of involved vehicles and occupants.

Because each crash is a unique sequence of events, generaized conclusions cannot be made concerning
the crashworthiness of the involved vehicle(s) or ther safety systems.
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ON-SITE INTEGRATED SEAT BELT INVESTIGATION
VERIDIAN CASE NO: CA01-043

VEHICLE: 2001 CHEVROLET K 1500 PICK-UP
LOCATION: COLORADO
CRASH DATE: JULY 2001

BACKGROUND

This on-ste investigation focused on the performance of the driver’ s seet-integrated restraint syssemin a
2001 Chevrolet K1500 extended cab pick-up truck and the injury mechanism of the restrained 20 year
old male driver. The Chevrolet was involved in a roadsde departure/rollover crash. The vehicle was
equipped with afronta air bag system, an event datarecorder (EDR) and integrated seet beltsfor the front
seet positions. The driver failed to negotiate a left curve and alowed the vehicle to depart the right Sde
of the road at high speed. The vehicle traveled dong the road shoulder, across an intersecting road into
an open field, and subsequently rolled over. The fronta air bags in the vehicle did not deploy. The
restrained driver sustained anon-fatal cervical fracture (not further specified) and wastransported toaloca
hospitd.  The front right and right rear passengers were restrained and sustained police reported minor
injuries.

This crash was reported to the Crash Investigations Divison of the National Highway Traffic Safety
Adminigtration (NHTSA) by the Colorado State Policein August, 2001. NHTSA subsequently assigned
anon-site investigation of the crash to the Specid Crash Invedtigationsteam at Veridian Engineering. The
purpose of the investigation was to eva uate the performance of the integrated restraint system, and the
posshility of a rdationship between the resraint sysem performance and the driver’s injury. The
investigation determined the cause of the driver’ scervica fracture wasrelated to roof deformation and not
the performance of the integrated restraint. The data stored on-board the vehicle s EDR was extracted
as a supplement to the investigation. The vehicle was impounded by the State Police pending the SCI
invedtigation.

SUMMARY
Crash-Site

This single-vehicle crash occurred during the morning
hoursin July, 2001. At the time of the crash, it was
daylight and the weather was not a factor. The road
suface was dry. The crash occurred off the right
(north) side of a two-lane east/west state route,
located in arurd setting. There was a left curve for
westbound traffic. Figure 1isawestbound trgjectory
view of the crash scene.

Figure 1: Westbound trajectory view at the roadside
departure.



A north/south two lane road intersected the primary roadway, forming a three-leg intersection
gpproximately 107 m (350 ft) west of the roadside departure. At the departure, the cross-dope of the
north shoulder was a negative 11 percent. The shoulder trangtioned into alevel open fied on the north
sdeof theroad. Inthewestbound direction, the shoulder ramped up dightly to meet the intersecting road.
The mouth of theintersection was approximately 12 m (40 ft) wide. West of theintersection, the elevation
of the open fidd dropped approximately 1 m (3 ft) relativeto theroad. The speed limit in the areaof the
crash was 105 knvh (65 mph).

Pre-crash

The 2001 Chevrolet pick-up was westbound driven by a restrained 20 year old mae. The vehicle was
also occupied by arestrained 17 year old maefront right passenger and arestrained 17 year old rear right
seat passenger. The crash occurred when the driver of the Chevrolet failed to negotiate the left curve and
departed the right sde of theroad. Thedriver steered to theleft on the earthen road shoulder in an attempt
to regain the roadway causing the vehicle to yaw counterclockwise. The vehicle traveled approximately
46 m (150 ft) along the shoulder gtriking a delineator post with the right side of the vehicle and then
continued 53 m (175 ft) where the vehicle encountered the embankment bordering the intersecting
north/south road. The Chevrolet had yawed approximately 30 degrees counterclockwise upon reaching
the embankment. Figures 2 and 3 are views dong the Chevrolet’ s yawing trgiectory. The police speed
recongtruction indicated the Chevrolet wastraveling in access of 145 km/h (90 mph) when it departed the
road.

Figure 2: Westbound view of the Chevrolet’s yawing Figure 3: Trajectory view approaching the intersection.
trajectory.

Figure 4isalook back view from theintersection of the yawing trgectory. Asthe Chevrolet climbed the
embankment bordering the intersecting road, the positive dope of the terrain in the Chevrolet’ s direction
of travel caused the vehicleto vault. The dope of the embankment measured gpproximately +7 percent
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inthe westward direction. Inspection of the shoulder reved ed thetire marks abruptly stopped and did not
continue onto the asphalt pavement. The absence of the tire marks on the pavement indicated the vehicle
had vaulted the roadway.

Figure 4: Look back view at the intersection.

Crash
The Chevrolet vaulted approximately 29 m (96 ft) across the intersecting road and impacted the ground
with its left front tire and suspension.  The initia ground contact resulted in a gouge that measured
gpproximately 3 m (10 ft) inlength and 12 cm (6 in) in depth. The ground impact, Figure 5, fractured the
left front shock absorber and separated the left front
tire, whed and brake assembly from the vehicle. The
police investigator reported that the shock absorber

was embedded in the ground. The impact did not f L s
commeand thedeployment of thefrontd airbagsystem.  ||o 0 L
i o i

Air bag deployment was not warranted because the
longitudind component of the impact force was
reduced by the combination of the vehicle's rotation
(yaw) and the verticd nature of the impact. The
vehide' s Event Data Recorder (EDR) did record a
near deployment event. The complete EDR is

attached to the end of this report. Flgure 5: View west of the intersection where the vehicle
impacted and rolled.

impact

After the initid ground impeact, the vehicle initiated a

right Sdeleading tripped rollover. The vehiclerolled 8 quarter turns (2 revolutions) over adistance of 57
m (189 ft). The Chevrolet came to rest on its wheds facing southward. A schematic of the crash is
attached to the end of this report, Figure 14, page 10. During the second quarter turn, the vehicle
impacted the ground with its roof and left side pillars (A/B/C). The left aspect of the roof crushed down
and to theright. Thedriver’shead impacted the roof during this sequence and he sustained an unspecified
cervical fracture.



Post-crash

The police and ambulance personnd responded to the crash scene. The three occupants of the Chevrolet
wereintoxicated and had no recollection of the crash events. The driver wasremoved from thevehicleand
transported by ambulance to aloca hospital for treatment. The front right and rear right passengers
sustained police reported minor injuries and were aso transported. It should be noted, the rear right
passenger was out of the vehicle and was ambulatory upon the arriva of the police. The police report
indicated he was g ected from the vehicle. The SCI investigation determined this passenger wasrestrained
by the manud belt system and exited the vehicle under hisown power. The probability of gection wasnot
consstent with hisredtraint use, hislack of injury, and nature of the rollover.

2001 CHEVROLET K1500 PICK-UP TRUCK

The 2001 Chevrolet K1500 pick-up truck was identified by the Vehicle Identification Number (VIN):
2GCEK19T311 (production sequencedeleted). The4-whed drive, %2ton pick-up truck wasan extended
cab/short box modd with a364.5 cm (143.5 in) wheelbase. The power train consisted of a4.8 liter/V-8
engine linked to a 4-speed automatic transmisson.  The vehicle was equipped with a Supplemental
Redraint System (SRS) that consisted of driver and front right passenger air bags. The 3-point manua
restraint systems wereintegrated into the driver and front passenger seets. Therestraint system for therear
bench seat consisted of 3-point 1ap and shoulder beltsfor the outboard positionsand acenter lap belt. The
service brakes were a 4-whedl disc, anti-lock system. The dectronic odometer could not be read at the
time of theingpection dueto collison damageto theectrica system. Thedate of vehicle manufacturewas
August 2000.

Exterior Damage

Figures 6 through 8 are views of the damaged Chevrolet. The vehicle sustained direct damageto the
undercarriage, roof and side planes consstent with an impact with adelineator post and an 8 quarter turn
rollover. The right rear quarter-pand exhibited direct damage from contact with the delinegtor post. This
contact pattern began 25 cm (10 in) forward of theright rear axle and extended rearward 113.0 cm (44.5
in). Thelateral deformation was an estimated 3.8 cm (1.5 in) throughout the contact and measured 6.4 cm
(2.5 in) in height. There was a white paint transfer noted within the contact paitern. The Collison
Deformation Classification (CDC) of this damage was 12-RBMS-1.

The front undercarriage and the front cross-member in particular exhibited evidence of direct ground
contact as aresult of thevault. Dirt, grass and debris were embedded throughout the area. The left front
whed and suspension was didodged from the vehicle during the initia ground contact. The front axle
sheared at the transfer case, the lower control arm fractured at the frame and the upper control arm
fractured a the bl joint. Thedirection of forceto cause thisdamagewas primarily inthe 2 o’ clock planar
direction and had a verticadl component. This force direction was consstent with the vehicle's
counterclockwise rotation and trgjectory. The CDC of the ground impact was 00-UFDW-1.



The overdl longitudina dimengons of the vehicdle were unchanged indicating the roll was primarily laterd.
Thel€eft front fender damage measured 64 cm (25 in) in length and was crushed laterdly 26.7 cm (10.51n).
The |eft Sde doors were jammed during the rollover by deformation. The left front door was opened at
the sceneduring driver extrication. Theleft rear door wasforced open during theinspection. Theright Sde
doors were jammed shut and could not be opened. Thewindshield wasfractured and al the Side glazings
and the backlight shattered during the rollover. The right side whed base dimension was unchanged. The
CDC of the rollover damage was 00-TYDO-4.

Figure 8: Left side view of the Chevrolet. Figure 9: Rear view of the damaged roof.

Interior Damage
Theinterior damageto the Chevrolet consisted primarily of verticad intrusion of theroof and latera intruson
of theleft roof siderail. Theroof crushed down 41.9 cm (16.5 in) above the driver’ s seet and the | eft roof
sderall deformed 24.1 cm (9.5 in) right as aresult of the rollover. The left roof side rail impacted and
compressed the driver’s head restraint. The residual deformation of the seat back and head restraint
measured gpproximatdy 15cm (6in). Figures10and 11 areviewsof thedriver’ sseat back deformation.
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Figure 10: Left view of the driver’sinterior. Figure 11: Right view of the driver’s seat deformation.

Theintruson of the roof is described in the table below:

Component Direction Left Center Right
Header Vertica 15.2cm (6.0in) 114cm (45in) 0
Backlight Vertica 39.4cm (155in) 37.3cm (14.7 in) 31.8cm (125in)

Center left aspect of

roof above driver et | Vrtical | 419cm(165in)

at A pillar at B pillar at C pillar
Left roof side rail Vertical 229cm (9.0in) 254cm (10in) 229cm (9.0in)
Left roof siderail Lateral 24.1cm (9.5in)

The driver’s seat was adjusted to a rear track postion. The seat back was reclined 26 degrees aft of
verticd. The horizonta distance from the center hub of the steering whee! to the seat back measured 61.7
cm (24.3in). Thefront right seat was adjusted to arear track position. The seat back was reclined 34
degrees &ft of vertica.

The vehicl€ sinterior was mud soiled as aresult of the rollover, hampering the identification of occupant
contacts. Ingpection of the interior forward of the driver’s position revealed no obvious evidence of
occupant contact. Therewas no displacement of the steering column’ sshear capsule. Therewereno right
front interior occupant contacts. The occupant space above and surrounding the rear right passenger was
free of obvious contacts. Thelack of occupant contacts supported the use and effectiveness of the manual
redraint sysemsin the vehicle.



Manual Restraint System
The manua regtraint system for the front seet positions in the 2001 Chevrolet K1500 consisted of seet-
integrated 3-point lap and shoulder belts with continuous loop webbing and diding latch plates. The rear
seat manua restraints consisted of 3-point lap and shoulder belts with fixed D-rings for the outboard
positions and a center lap belt.

Inspection of the driver’s restraint revedled the
webbing was extended and the seat back mounted
retractor was locked. The length of the extended
webbing measured 138.4 cm (54.5in). Thelatch plate
exhibited minor evidence of higtorica use consistent
with the age of the vehide The fant frictiond
abrasons were identified on the latch plate's plagtic
surface caused by the driver’ sinertia loading at lock-
up. Thewebbing wasgathered intheplagtic belt guide
located on the upper outboard aspect of the seat back,
Figure 12. Ingpection of the driver’ srestraint system J L
indicated the driver was restrained at the time of the  £igyre 12: Driver webbing captured at upper outboard
crash. The data downloaded from the vehicle SEDR  guide.

reported the driver belt was buckled as well.

The condition of thefront right passenger restraint was
found to be smilar to the driver’ sbelt upon inspection.
The webbing was extended from the retractor 130.6
cm (51.4 in) and the retractor was locked. The
webhbing was gathered in the plagtic guide on the upper
outboard aspect of the seat back indicating the
webbing had been loaded by the passenger during
retractor lock-up. The inspection of the latch plate
reveded faint historica usagemarksconsstent withthe
vehicdeésage. Subtle frictiond abrasions were noted

on the plagtic belt guide caused by the passenger’s

inatia Ioading Figure 13 Figure 13: Frictional abrasions on the front right latch
’ plate.

Therear right restraint was stowed at the time of the

ingpection and the retractor was operational. Ingpection of the latch plate revealed no evidence of routine
use. Subtlefriction arasons were identified on the plagtic belt guide of the latch plate and indicated the
resraint wasin use a the time of the crash. A 4.6 cm (1.8 in) diagondly oriented D-ring transfer was
located on the webbing 102.6 (40.4 in) above the webbing’ s stop button. Theinsgpection of therear right
restraint indicated the passenger was restrained a the time of the crash. Use of the restraint system would
have prevented this occupant from gjection. It should be noted the police investigation reported this
occupant was unrestrained and g ected.



Supplemental Restraint System
The Supplementa Restraint System (SRS) inthe 2001 Chevrolet K 1500 pick-up truck consisted of driver
and front right passenger air bags. The fronta air bags did not deploy during the rollover crash sequence.
The SRSwas controlled by asingle-point sensing and diagnostic module (SDM) located under thedriver's
seat. The SDM was capable of recording near-depl oyment and deployment eventsand 5 seconds of pre-
crash data.

The EDR data was downloaded directly from the SDM during the SCI vehicle ingpection. The EDR
download results are included as an attachment at the end of this report, Figures 15 and 16. The data
reported the driver’s seat belt wasbuckled at thetime of the crash. Thisbuckled condition was confirmed
by the SCI inspection. The pre-crash vehicle speed data was not useful for the purposes of crash
recongtruction, due to the vehicle' s yaw dynamics.

The redesigned driver air bag module was located in center hub of the steering whed rim. The redesigned
front right passenger air bag module was amid-mount design located in the right aspect of the instrument
pand. A cut-off switch was located in the center aspect of the instrument pandl. The switch was turned
to the air bag “ON” postion. The fronta air bags did not deploy during the rollover crash sequence
because theforces generated during the event were bel ow the air bag deployment threshold. Thethreshold
is cdibrated dong the vehicle slongitudina axis.

OCCUPANT DEMOGRAPHICS

Driver Front Right Passenger | Rear Right Passenger
Age/Sex: 20 year old/Mde 17 year old/Mae 17 year old/Mae
Helight/Weight: Unknown Unknown Unknown
. ] Integrated 3-pt. lap and | Integrated 3-pt. Iap and
Redtraint Use: shoulder Shoulder 3-pt. lap and shoulder
Usage Source: SCI ingpection SCI ingpection SCI ingpection
Medical Transported and Transported and released | Transported and
Treatment: admitted released
DRIVER INJURY
Injury njury Severity Injury Mechanism

(A1S 98 Update)

Cervicd spinefracture, NFS

Moderate
(650216.2,6)

Contact to intruding roof structure




DRIVER KINEMATICS

Immediately prior to the crash, the driver was restrained and seated with a presumed normd posturein a
rear track pogition. The police investigation determined the driver was intoxicated and was operating the
vehicle in access of 145 km/h (90 mph). Upon entering the left curve, the driver steered late and failed to
negotiate the curve. The vehicle departed the right Sde of the road. The driver steered to the left to
correct hiserrant trgjectory. However, dueto the vehicle s excessive speed and the doping relatively soft
shoulder, therear tires broke traction and the vehicle began to yaw counterclockwise. 1t was probablethe
driver fought for control of the vehicle and depressed the throttle. This action was documented inthe EDR
pre-crash data by the throttle position and engine RPM five seconds prior to Algorithm Enable (AE).

The vehicle vaulted across the intersection and impacted the ground with the left front suspension and
undercarriage. Thefronta air bag system did not deploy in the event due to the non-horizonta nature of
the impact coupled with the vehicleé's yaw. The vehicle rebounded from this impact, vaulted a short
distance and then initiated aright side leading eight quarter turn rollover.

Theretractors of the manuad restraint systemsin the Chevrolet locked responseto theinertiad change of the
impact and roll. The driver contacted and loaded the locked restraint system evidenced by the frictiona
abrasons at thelatch plate and the gathered webbing at the belt guide on the upper outboard aspect of the
seat. The manud restraint sysem maintained the driver’s podition within the interior and minimized his
contact with the forward interior.

The vehiderolled inverted, during the second quarter turn, impacting down on the left roof Sderal. The
roof crushed down and the side rail was displaced to the right. The Sde rail impacted the driver's seat
restraint and seat back. The driver’s head impacted the deformed roof structures resulting in his cervica
fracture. The vehicle then continued to roll Six more quarter turns coming to rest on itswhedls. The belt
systemremained locked through the rollover event. Thedriver cameto rest within his occupant space and
was removed by the emergency responders.

RIGHT FRONT AND RIGHT REAR OCCUPANTS

Prior to the crash, theright front and right rear occupants of the Chevrolet wererestrained. The occupants
werea cohol impaired and their pre-crash postureswere no known. Uponimpact and subsequent rollover,
the manud restraint systemslocked and the occupants|oaded the belt system. Thebelt sysemsmaintained
the occupants within their respective spaces and minimized their contact to the vehicle sinterior. The
interior space above the right sde occupants was maintained throughout the rollover and they were
relatively uninjured. The left front passenger was reportedly assisted from the vehicle by the emergency
responders. The right rear passenger unbuckled his seat belt and exited the vehicle under his own power.
He was not gected, asindicated in the police report.



Crash Schematic
CA01-043

Colorado
August 2001
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Figure 14: Crash schematic.
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Figure 15: Near Deployment Data Summary
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Figure 16: Near Deployment Pre-Crash Graph
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